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Embodiments of electrodes include a collection of 
particles having an average diameter less than 
about 100 nm and have a root mean square 
surface roughness less than about one micron. 
Electrodes can be formed with a collection of 
electroactive nanoparticles having a narrow 
particle size distribution. Electrodes can be 
formed having an average thickness less than 
about 10 microns that include particles having an 
average diameter less than about 100 nm. Thin 
electrodes can be used in the formation of thin 
batteries in which at least one of the electrodes 
includes nanoscale electroactive particles. 
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0 5 t/se cW-^-t^So S*«KJ6 

> 302 #gin£ fcit-s tcfe^^n. 306 *«KJBtt/£#ft* h y - 

[0 0 6 2] 

sjsiftx h y — Ao«KH±iBaiiy x;v 3 i o □ *?s L^SBojBig-c 

HU lK$yX;V3 1 0tei£AyX;l/2 5 2^6»2.cmKtbTSB««tiSo 5iA 
yX;i/2 5 2 £iRill7X;i/3 l o fcomofflwavhsi^fc. Efls;W43*tf4«W 
tasgjSf+v^i o 4©ff*tf*^'r*o ^yX;i/3 l 0H\ Bi©±« 
flD»AHfc^*tl**5tera»MP3 1 2S3TT30 P3JBBHP3 1 2^iR^>X 
t^A 1 0 8fifcOfttfSo 
[0 0 6 3] 

^6*56 5 0 t o r r C0ffiHT?SS o 
[0 0 6 4] 

KJS*-*>v*l 0 4tiH^SnT^&V^2 003iiftlO««BP*W'r«o i£*0£> 
WtfgflcD 1 oteH 1 OBfffiHOTffirt^^Ui btfe 0 , 2 <DiiiPOS4*85«iBI 

[0 0 6 5] 

iR^^XxAl 0 8*i»Sb<»iK*>'X;l/3 1 Oft^lUtt^SSf't* 
;l/3 3 0^t?o fi?O^X^V^T% ^tttt^ttWfflffli/HStfXO 
»fttetl£5o iR»->XT-A 1 0 8l4*7»rtlC7^;W3 3 2*$». 
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-f3KtK f7ny (Teflon, SSfgflf) »'Jf h77Wox^l/y 
) % 7^/1^ 

CE^7X?± (Glass Inc.) ^(Dfi^T.y T^y^JlZ^ IS&Zf- 
^U^^^riT^lf^-^x-yl/ma^AF-r^^^^^btt (Equipm 
ent Co. ) frt>GmmfcJ*v>77, (Nomex, SgfffiS) !7^/i/*tf 

[0 0 6 6] 

#>^3 3 4^MLTlK^>XxA 10 S*W$lhrcI£tl-£m&'?Z>o ffi* 
&#>"7%:&m-?Z>Z£tfT*lz2>o ^^3 3 4 £ LT&ffl^^K^Lfc^:/ 
y^LT^ 0U^tf^>-^-T^^>~^Tlf-^mftO^^^^?± (Bu 
shu, Inc.) A^O^>^«^2 5\Cft7>C— V /9t (c f m) <D7 
Vi/^^TJlsB 0 0 2 4#>:7\ ^ocfcthV^v. x<>X#— h (Expor t , . 
PA) 3fSiD K;^a-i,yD^^7 (Leybold Vacuum 

Products) frtbCDtfy-f&mtfftJl 95c f mOU^^I/Ktf^S 

V3 o o^vytf^f en§o ^>ymmm^^^^—3 3 6^iLTfitt 

0 0±mi^a^T% ^o^tt^#HUT^7-FrttcM< Li:m§ 
[0 0 6 7] 

^Vtf>^«^^>y3 3 4ty^)\y^3 3 2 ^^tCjfA^n/c¥i&-~ 
F;l/#i;fctegKj3&?)#3 3 8<D^1Ttlfr\C&*)mffl'2ri2>o y*frZ3 3 2± 

[0 0 6 8] 

81»3>^#3 5 0ti!)ll!WSn*o HRfc* nVfcTa— £r«3fcW* 



(25) 



[0 0 6 9] 

■+&%:VL : ¥tf7*J\'#3 3 2±T*l&M?£fts #^3 3 4ifi7<tfr$3 3 2^ 

S<ft*STOl 0O»fFC*?J 1 - 3 0 0 g Ott^lRfll-r * C k « * . 1 
[0 0 7 0] 

[0 0 7 1] 

EJSJMHftS/*^* l 9 2fe*tfiR*S'*'7\k l 0 8 'OWABSSSlc-rfi c ktf 
CO 0 7 2] 

■fcVSBSj fcS-rSJKH^fFMS. 9 5 8. 3 4 S^fcSsVTBffliSnTV*. 

tt#te«H+©» «K«*snfc na^HJfiaaj (mosso 

) SO^B^ffttiiSS^O 9/3 6 2,63 1 #tc*5V:>Tt8l8;*ttT^3o C 
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[0 0 7 3] 

K^— 5© rg&feti&gttKj i:®-TS*S1t!TffigS##mo 9/18 8, 6 7 
[0 0 7 4] 

[0 0 7 5] 

efc&SLKJS^yU 0 0 ©^H-cDMBS^-E 6 fC^Ti, KJStlAP4 0 
^•Y>/<U 0 4ICI5. RJS®AP4 0 2li-SSIi:ift^4 0 4OMi:- 

£T<D*EJS#Xi:* ^Fffi14*rxi:^*-r5fcJ6<DaiP4 0 6^r#t? 0 
F#XAP4 1 0t±£fS^AP4 0 2©Mfflfc:S8»5ft3. ->-;VK^AP« 

[0 0 7 6] 
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g#cgP4 2 0, 4 2 2tt±f- J r>'*4 0 4j!»»6ffi&r*. W«SP4 2 0, 4 2 
2S^VK , 74 2 4, 4 2 KlS^* 4 0 0 £ril3ftt:— 

4 2 8 W#gfl4 2 0. 4 2 2 «5f=JSttiff^**tt» 4 2 0> 4 2 2 
(CafA-r3fca6<D^gtt#XAn4 3 0. 4 3 2«#tf. 

[007 7] 

C * K7?&?*iRm-r 5 «fc fcHJtf-T * C ^T'tSo ^<D{^ 9 

s©$?* uvsago^icovTti, mc&mcpto, mcmmsnrc^—v-r— 

t><D rffl[?lR«^H*5«fctf|H^-rS55F}iJ £Jgt-3*S#l*ffiIiSfl0 9/1 0 7 
JMitrfc©i: , r*o iRJfe&S&H l lc^LfciK*^e©rfftSI5i:llI«l05fftS* 

[0 0 7 8] 

5 2il, &?lRfl£EB4 5 4 ^ii4 5 6i:. WJ4 6 4CffiDft»5nftE 

[007 9] 

4 5 2fiEjS?-V>7M 5 2©Jgffi©AP4 6 4&^"3k 

a-r^yXMiEJS^-V^M 5 2F»33:T'@ftU An 4 6 4T'S1SI**^ 
->-;V2ftS„ tfxttEJStttt* Sj£^^>7^4 5 2©#SSPi:Af*-S:-r ; 5* 
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[008 0] 

«ff««n*J:5K, SAW*±W*^6«»U ^W*lBffifr&iRJIrt-*c 

# * s it tmt ott^wata? n* • 

[0 0 8 1] 

E/S^-^^^4 5 2(igi7tc^ov^r r w j tv^ns 1 oo* fijfc#«sti<5 

o if tT— A»K4 6 6ti> &f-*Z//*4 7 2fr6f 4 7 OlCfBoTBEB^tl 
fc^-TVK^ 4 6 8^/TbTKiS^^^^4 5 2^AD. EJ£^-W*4 5 2<D 
#S*lRj«c3t«Jo U-ifVf-ACi^4 7 4*il5flb*>f >K , >4 7 6*6lHTV> 
<o 10©#SL^**©*»Ttt* ^4 7 0^4 7 4 fc* D ^VKSM 6 8 
fcitf 4 7 6 4 7 2**6»1 U>ff6Sft5o U— iffcT— A& 

lf-A>$fV^4 7 8T»8it«o -U— if A«4S*S*AP4 6 4*31 

[00 8 2] 

' V^4 7 2 <D±ffit±fi?lR*^Xr- A 4 5 4 ftTfflP LTV^o ®?*& 

l^fi,4 5 4ttjft>A4 7 2 0±ffi^l^nf:fflP?^h 4 8 0^t 
^-W^4 7 2^5^gSn*lR^So tfJP^b 4 8 OliHSlcSSft 
^jS^IXhU-AO :s F®^^n^7-i r ^^ 4 8 2*74**8?* 
Jg-So 7-<;W4 8 2tt-i|lfe:*t 7^4 8 4 WU «tlW«7^4 8 
2©W^A§^ffiJtt5o :7^;l>£ 4 8 2 0flBBSf-rW4 8 6teH^S 
tlTV^o ilM^4 8 8#fV;*#4 8 6O*i&fcR0 #»6tU 7-f/W4 8 

zowtr^-fexncfc^**, am^4 8 8&^Hc<fcD#>:/iciR 
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[0 0 8 3] 

4 8 2 ±£ h5.yySh«o 3SLfc4?>^OV^T«0 1 <DgS 1 <Dlx— If 

^^H^Hb-r-e^^b/co ^/b* 4 8 2 k LTOffl-rsojcaiLfc:* 

^;l/#£LTte, CRJx.^— 7 (Saab) 9 0 Q 0&W}Mm<D^7?V—yy 
4)],$ CVzlV l>^$ (Purilator) ffifiA 4 4-6 7) tf^fcf&ftS 
o (Plast i c o K S»ffi«) $fdi*U^WVX : 

[0 0 8 4] 

?^y^4 5 2*ttflF^^Ok:abT^«o 5 2 £S/S 

iAP 4 6 4 <D\fi£fi:$yS; L < i^V^O^I^f^n^^^ fc:j2ff-£tl 
3 0 1 8007ybOC02 1f*W*«^ *75y*t/ttf*8Blt 
3©fclSS&EJS%An4 6 4©^fttt»5mm*>6» l mTfc£ 0 
[008 5] 

b. i-s%L¥<omm 

[0 0 8 6] 
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[008 7] 
[0 0 8 8] 

jgb/clKfctfXfcb-m. eiJx(J02, Oa, CO, CO2 *3<tt>*c:tl5>Offl 

Stt#x£iE{t#xfcPi=^3Jt£\ tfxJg^a^ 1 %*^»9 9 %(DMitJ3 
X^tiUtt^^, £*Dttf%.\^<{m5%frZ>%J9 9%o^kA*x^£?o 

ffiffl-rsc:i:^t?#So m<Dmm<Dmmr'<,t. mjvjsxiz&m-tzo m^rcSm 

[0 08 9] 
[009 0] 

it5o oom&m 9 k^-To §i5oo «^x$ft»ift&o^Fgitw^iaja 

^SlS»JKP)Sa:=a-J ? +-^-/tlf r 7'-)'y5VKBfffiOX-X4f9X (A c 
e Glass) fr ZX^mvS&Zo #7X/£nJB5 0 2©±ffi«i, l£Q)ffi5 
0 2 fc*^-y:/5 0 4 i:<DF^©5^7n> (Teflon, gi^S) fittv 1- 
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±©*9>:7fc*D«ffitlte«Je*ft$o *irv^5 0 4 ttSBRO*- > 5 0 8 
^n?nf7ny (Teflon. SSKffi) 7'r»y*St5o * 

4 h 5 0 8 *^LT»ASh*. X*-^-5 1 OttMLfc*— # — 
[0 0 9 1] 

1JM±©«5 1 2#sJ^h 5 0 8*/rLTjfAS*U ^tfl£Pffi5 0 2fiJC 
T*f?So f-f7a- 9*5 1 4**5 1 2 ©iSMfcttD *fX*jKPJR5 0 2 

rtfc^E-rsdt^tffrSo fc— /*F5 i 6ti-figtc/£nffi5 o 2ojihk: 
Gias-coi) a»sA#Rrart*a6So io^-hWSL<{iT-^5 

1 8*$tf 0 /£P«5"0 2rtO«aettT-SBB!5 1 8«^U-C#A«*lfcJ»««- 

5 1 8*ffl^Ti«fir*Ci:*-p*So T-Jg$*?5 1 8ti^6fc31«5X5 2 0tC 
SBKSnSo 31£tft5 2 Oki^D/APffiS 0 2*loTlllS*ft«XOl«* 
ff5ci:*«T?**. »Sb<ttil«^5 2 0*±«*7-K*fc«fiftOiR«a6«fc: 

[0 0 9 2] 

#*L<tt, ffiSOtfXttJEPJES 0 2*MLTgt^n^o 15 1 2 te—flg&C 

ja-rsaftafx. ^e^xsfcttcnsoiB^*jiaft^«^6J£p«5 

— h;b/# (seem) j!p6*&5 0 0 0 s c cmlt^fe^ cfc 
D»*L<«*?I1 0 0 s c cm^5»2 0 0 0 s c cmST^SSc 8B£fcl:— » 

[009 3] 
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mi 0 O-CCDlBHT-feD. t$i:A,if©^a-, i!l6 0W^6 0 0tOffiIT'$ 
So inK^-fiS^ 5 # £ D fegv^P^J Sft, A1U«^«^ i BtBSfr 5,^ i 

[0 0 9 4] 

ggVOz *»#JWSV2 Os «J:tf2-DlMVi Os fc, 7^77XV 
2 Os *##JWKV2 Os *i«fctf 2-D*SflV 2 Os KSESM-SfcftOfcff 

S-TS^H^fffWSS^O 8/8 9 7. 9 0 3^t*V»TlMBBS'nrv»*. d 

fca-rs^awwfflBBS^iso 9/123. 25 s^ic^na 
m.tuzmcmm*<D, mzmmt* titers v (Reitz) ^ r&js^>> 

«>ABMk»tt?J fc«-r**HWWtbBW^SBQ9/3 1 1. 5 0 6^ *>«fctf 

PL\z&m*<o. puznmz nrct-r-fr (Kumar) t><o r=7c«fc?*isijfi-r 

*fc«>©gJS#BU £«^3*S ! lffFffiSI#^0 9/3 3 4, 2 0 3^C^ 
[009 5] 

c. 

ttmtttM&mt-s&^&w^immw soon m *«, » * t < « 
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|fI5nm*>f,|!)10 0nm, <fc t> Vftz L < I3.ffo 5 n mfr £>$J 7 5nm, 
Sb<tt»5 nmi>6«5 0 nmTSS, |(lt?itSaaSflS!V?nflMI(c J: Off 

[009 6] 

JfS LV*Sg©J&®T*«, 9 5%£D±a ; f, Sf*L<tt9 9%t*V»T, «$Stc . 
CO 0 9 7] 

Klctt7^m2««Olc^sn«iM^Kf^ pH, -f*->aS«*«ktf v » 

«fcKa*tift, i 9 9 9¥ 1 1^4 atcmssn/c^yso rm?#imi 

[009 8] 

m^zmmj £m?&*m&Vfm5, 952, 1 2 5^t6^TKisntv>8 
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o 

[0 0 9 9] 

t±— flstc. i^«fcifcv^KHott?isa**rJ-*a[?««»6n*. lift 

95%^ Sfg L <te 9 9 %^ 3 Pi5il[g©^ 4 0 % £ t> < . W-i^U^m 1 

6 0%«fct3«/J^V^Ifig*#-r5J;'5«:-9--YX^%#-r«c JfSL<{±. ±tt 
£&¥-<D&iS; < i: fett 9 5 %, »SL<«99 %«<¥*&*SO»5l 60%* 

[0 10 0] 

)eo«Wfft J: D^ffarltSS^Stt?** 1 0 6 tpm 1 fc^Sc 
[0101] 
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CO 1 0 2] 

rz\*t><D rgEfb/^v'^Af-y^j i-a-rs^s^tuias^o 8/8 9 7 
. 7 7 8^, ts&xs rfS)St/t?5ffl^fti?ij 

5, 9 5 2, 1 2 5-^lc:fcV>TtBHj32nT^3„ d tx 5 <D# fFiiiSg> ffffBcoV 1 
CO 1 0 3] 

^ast. mdtit>*i-&*7iJBL : ?w. mcmm$><r>. mams tire r&«/w 
w L^mitm^A tmtzxm&WHwm^mo 9/2 a &, oiamazif 

S09/3 1 1, 5 0 6^»c:fcVv r tttgB2nTV'>5«fc'5k:, KitSnT^So C 

n5»»-CttJ«<«Hll5V'»JtS«3!iK«BK«hTV'>*. 
CO 1 0 4] 

S^J fc« i r*^v-;l/6O*PB«p| l lFta«»^JB0 9/1 8 8, 7 7 O^fcfc^ 
CO 1 0 5] 

KffcWBtyj i:«-r**-7->U6O*H1«B : tfi«»^*0 9/188, 7 6 8§ 
* ntMfT>^U^-*A*J:lf«l!U fc«-T«*-> (Home) 

9/2 0 3, 4 i 4#fe<tt; r=7BK^gjg-rsft:4{)©sfS7?ffij tmtz? 



(36) 



*$ai2 0 0 3-5 1 4 3 5 3 



V— ;\yP><DmO 9/3 3 4, 2 0 3 4fC*5^TB4K«tlTV^«fc 3 tC. »fg& 

jg-r^gea (iwata) e>o*s#^5, s 07, 6 4 6^\cis^T&mm 

CO 1 0 6] 

«&ic. mt?iri-ymTt)\ mc&m*<D. mcmmzntc mft-rm^ 

[0 l 0 7] 

-BSfk-tU^rV (M0S2) ^-yffi?fe*fc, ^>F^ (B r a nd ow 
) £cq rRb«r^>^— *l/-h^cMo S2 ^y^OM^ttfecfctfffiKl 
RrttJ , {}iB^j:tfxy^7'J ^(Material Science 

and Engineering) Vol. A 2 0 4> 22 2-226 (19 
9 5) icjs^TWmZtlT^Z&vlC, *flft»»JcJ:0«ja«nTV^« C 

a, (Mo (co) 6 ) ts&zfHz stmmt*tisT&mi£ti* C2H2 y* 

[0 10 8] 

D. Wtsm&klBA 

m 1 OTii, «fi6 0 Of*— flSfcft8i6 0 2 4:. IE@6 0 4 02 1 

IEg§6 Q 4 i:<D!U<D&iU—2 6 0 6 «fitt«SW>IEffifc<klf/ 
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TMI»£#|&f * C £ *^^5 0 116 0 0 L < ^tt^ftftH 6 0 2 
*J«fctfIE«B6 0 4 £ig-a-£i±;rcSl«*:6 0 8, 6 1 O^tfo l%W.T*£>ni£. 

[0 10 9] 

ftSst. y y a»jp5*<iA«iiite{*— use y a# y 

[0 110] 
[0 111] 

y ^^Att«6<os^t(t»fe:iEffio«iS««olfr?tf»fc-(' * U-hf 

5 0 ra«fc, y^^A-f , ^->»sc»*£feso^A>c,ginTvK 0 tt^ics 



(38) 



0 0 3-5 1 4 3 5 3 



[0 112] 

«jjg-rsck*^|fSo Pff, fti 6 o 2 ttf Igt/Sf ^tU-fe J; < , 

[0 113] 

r-Y K n— ^ V*— (mesocarbon) > K— ~7fi<M. 75— 
[0 114] 

01 OTS, IE® 6 0 4ltW£-v>JS>V : ?-VJ*j-yn : ?%:E<DV 1 ?Vl**'f 

o 

[0 115] 

ft® 6 0 2gfcliIE®6 0 4t4oV^Tffiffl-r«fci60^y^{i-^ , '^ : & 

c ft® 6 o 2 sfefUESe o 4 it % *n€n3vaa*ffl***"«"* 

[0 1 1 6] 
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< ItW-tSM&tflto 5 0 0 n m*)IST\ i5ff*L<lil OOn m*iffe 9 , $ 
[0 117] 

^09/3 1 1, 50 6#tC*5V->TSiW*tlTVS <) CO^fFffi^COV^T(i# 
JHfc J: 0 W«»fcfi*ii&tiOfc-r*. 
[0 118] 

-f hS*Wrs 0 WBS6?ttx+^/<y Y 997 7 4 hffiCil^SWt^i: 
777-1" h?± (Superior Graphite Co.) fr^X^RJWC* 
[0 119] 

ttiE«Ott8 0««%CU:. i»)ff$l<tt90%«l*iSftS. -f-SUff-W 
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WPOffiKitft 1- 4 g / c m 3 e>£j 7 • lg/cm 3 $ T'OlBHT'fe 

g/cm 3 ULh, »SL<«*52. 0 5*^152. 7g/cm 3 , <fct>$?£L< 
«#I2. 10^5.^2. 7 g/cm 3 t-?2>ZttfT"ZZo 
[0 12 0] 

- (ypei/y-yxy-eyv-) n^yv- (e p dm) *5<fctF£-n&<9ji-a- 

[0 12 1] 

mm.WG 0 8,61 0^<feDS?fi6 0 Ofr&CS^DiStltf^E&So MM 
#6 0 8, 6 1 0tt«K£#ttT?, HRfcny^/k ft. ^ryUX^ 7/1/^ 

#6 0 8, 6 1 0ttH*S-**ffi©*ffi±fcE1IU **v^«Ha-r*««rtfc 

[0 1 2 2] 



(41) 



<&m.2 0 0 3-5 1 4 3 5 3 



m^T&mzn, '&t>tircmm&m##v*?— wmtwxti*a s&ie* eft 

ti, Mxf^ **S^ftU >'J^A (lithium phosphorou 
s oxynitride)sLio.33 Lao. 56 T i O3 (^"^ ( 
Brouse) £>©J . Power Sources 68:412 (19.9 7 
) *#88©Ci:) *5<fctfL i 2x Sri-2x Mo. s-x T i 0. s + x Oa 
*»*tf6n*o CC?, MliC Fe, Co, A 1, I nSftliY420^l 
7$!), »$U«BL io. 5 Sro. 5 (F e £fc& C r ) 0. 2 s Ti 
0. 7 5 O3 T?fe£ (VZI-^t (Watanade) OJ. Power Sou 
rces 68:421 (1997) te^mVCt) » 
[0 12 3] 

[0 12 4] 
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[0 12 5] 

Lee) 50*HWflF»4. 8 3 0, 9 3 9#T*«U. Hf*»»«OJ&5!cfc:fcM'S 
[0 12 6] 

ty^HShackle) ^*HfIS5, 0 3 7, 7 1 2f m SEWr! 
[0 12 7] 

[0 12 8] 

W&ti}£ls>. Wa&**fo K»^x^;W 2-^^fh7tHD77X 
^V7^ fh7t:Hu77X 1. 2-^h^x?X 
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[0 12 9] 

[0 13 0] 

E. ^yffr?*J8^fcW!«fcWfi 

*PmXSBB.t£iflft 5 /x m*iT-6 5, ffSL<tt«2. 5 ft m*P, <fc 0 »* L 
< 1 ft mmffi. ^e.tc»Sb<fi:i^5 0 0 nm*rg, SSfcjf * L< l&m 1 
0 0 nm^e>^2 5 0 nmt'SS, C04't?iJiB^UTV>SS®S*S!lS«f±Jl : f 

[0 13 1] 

§SSS<Z>J£J&"e«, mmtffo lOOnm^^S/tm, !fSL<ii^2 50nmfr 

e>**J2. 5/xnu Z<blc!tf-£L<im3 0 0 nraiiP^l /imOS??;Wt3» 
[0 13 2] 
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-#fcJ:$Jl 0 n'm*», Sf$U<«^)l 0 0nm^5a5(im, £ t> L < (± 
|Sl2 5 0nm^2. 5 n m, 26(c!lf$L<(i»300nm*5.|*Il /trnf 

-[0133] 
[0 1 3 4] 

», <fcD»tL<fi2. 5/im*», 55»lc»Sb<«^J0. 2 5fimfr5>£jl 

jlOMVxWha-i'^tt (Car 1 i Electronics Ltd 
CO 1 3 5] 

co*3K,'*A«lttl«ttjEai:, Aa£> */tu-*fc, v^n*©*« 
S? £ L, < lift 1 ft t>%3 1 0 /i ml?&So JfcSWtireii* m?fe«it{i^ 5 0 0 
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nra^Sfil 5 (im, «fc U < Itffi 1 p mfr5*<j7 . 5/xnu L 

Sift 'o:*^— C fc*KT?**o 
[0 13 6] 

h^M-rscfc^T-fS. cn6©->- h^n— /i/?*THi K l 2\cmir 
Z?\cHm&W&*:ftf8frZ>^Z.ft-V : £Z><> mme 3 0«IE^6 3 6 fcfg-g-Lfc 
*mi*6 3 4 k««SE««nfcjE8i3 h 6 3 2t, ft*56 4 2 fcfe^bfc 
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